1995). We therefore conclude that our ZG preparation produce any measurable change in the fluorescence of Fluo-3 ( Figure 3D ), but IP 3 added afterward induced the is essentially free of ER contamination. This conclusion is reinforced by the inability of thapsigargin (Tg), a speusual response (n ϭ 7). To evaluate the maximal releasable amount of Ca release in the basal part of the cells, which is dominated data shown here as well as those previously published for three reasons. First, using the fluorescent ER marker by ER, but the sensitivity of the Ca 2ϩ release mechanism to IP3 is much lower in the ER-rich region than in the DiOC6(3), we were unable to detect any fluorescence from our isolated ZG preparation (Figure 2 
granules, but this finding has remained controversial been generally accepted that agonists evoke cytosolic (Kasai, 1995) . Ca 2ϩ signals via IP 3 -mediated Ca 2ϩ liberation from the We now report results from experiments in which, ER (Berridge, 1993; Clapham, 1995) . using confocal microscopy, we have succeeded in makIn the highly polarized pancreatic acinar cells, it has ing measurements of the free Ca 2ϩ concentration inside been shown that low (physiological) concentrations of single granules or in the extragranular space very close the peptide hormone cholecystokinin (CCK) or the neuto a single isolated ZG. We show that IP 3 and another rotransmitter acetylcholine (ACh) evoke local cytosolic putative Ca 2ϩ -releasing messenger, cyclic ADP-ribose Ca 2ϩ spikes in the apical secretory pole (secretory gran-(cADPr) evoke a marked decrease in the Ca 2ϩ concentraule area). These spikes can occur alone or repetitively tion inside single ZGs. Using a novel high resolution and in some cases precede longer lasting Ca 2ϩ signals, method, we also show that local ionophoretic IP 3 appliwhich spread throughout the cell (Thorn et al., 1993;  cation generates a fast and steep rise in the Ca 2ϩ conKasai et al., 1993). The local Ca 2ϩ spikes in the secretory centration (time to peak about 5 s) just outside the ZG. pole are not due to regional CCK or ACh receptors in These results show directly that IP 3 -mediated Ca 2ϩ rethe apical part of the cell, since intracellular infusion of lease from secretory granules occurs and that it has a IP3 (or a nonmetabolizable IP3 analog) evokes repetitive time course relevant to cytosolic Ca 2ϩ spike generation. Ca 2ϩ spikes that are either confined to the secretory pole or initiated in this part of the cell before spreading Results
(Thorn et al., 1993). Selective micropipette injections of IP 3 into the secretory pole or the basal part of the cell
The ZG Preparation reveal a much higher sensitivity of the Ca 2ϩ release To assess the ability of IP 3 and cADPr to evoke Ca 2ϩ release from ZGs, it was necessary to isolate a high mechanism to the messenger in the secretory pole than purity fraction of ZGs, but at the same time also to evolve a relatively quick isolation protocol so as to preserve experiments, Acridine orange was used instead of Lysothe responsiveness of the organelles.
Tracker, with similar results. Figure 1a shows a representative photograph of isoWe also tested whether there was evidence of conlated ZGs in transmitted light (488 nm). The picture tamination with ER in our preparation. Figure 2a shows shows mostly single granules, seen as black spheres a preparation of ZGs in transmitted light. These granules (ZGs effectively absorb light with a wavelength near 500 did not produce any measurable fluorescence after nm). Figure 1b shows the fluorescence from the same staining with the ER dye 3,3Ј-dihexyloxacarbocyanine field of ZGs loaded with Mag-Fura red (excitation 488 iodide (DiOC6(3)) (Figure 2b ), but were brightly stained nm, emission >590 nm). The majority of ZGs stained afterward with LysoTracker ( Figure 2c ). In parallel experwell with the fluorescent dye. After the images shown iments, DiOC6(3) under the same conditions brightly in Figures 1a and 1b were obtained, a specific stain stained particles in the pancreatic homogenate that we for acidic organelles, LysoTracker, was added to the used for isolation of the secretory vesicles (Figure 2d ). experimental chamber, and after 5 min the fluorescence
In previous experiments on isolated nuclei (Gerasiimage from the same field (Figure 1c ) was recorded menko et al., 1995), we could show bright staining of (excitation 488 nm, emission 515-560 nm). It can be the nuclear envelope (the outer nuclear membrane has seen that most of the ZGs stained brightly with this dye, ER properties) using the same concentration of this fluorescent ER marker (see Figure 2B in Gerasimenko et al., indicating that the intragranular space is acidic. In some 
Measurements of the Free Ca
2؉ Concentration inside a Single ZG Single granule measurements were carried out on MagFura red-loaded preparations (excitation 488 nm, emission >590 nm). Fields with granules were chosen using the transparent light option of the confocal microscope, and regions of interest were selected on dark round applied, causing a distinct Ca 2ϩ rise in the secretory granule area, and thereafter the cell was allowed to effect of Tg (10 M) in a cell that had not previously been recover so that the cytosolic free Ca 2ϩ concentration in stimulated with agonist. In agreement with previously the secretory granule area was back to normal before published data (Toescu and Petersen, 1994), Tg evokes application of Tg. Nevertheless, it could be argued that a slow rise in the cytosolic free Ca 2ϩ concentration. the failure of Tg in these experiments to cause Ca 2ϩ Figure 6B shows that the main Ca 2ϩ elevation occurs in release in the secretory granule area (Toescu et al., 1992 release in the basal part of the cells, which is dominated data shown here as well as those previously published for three reasons. First, using the fluorescent ER marker by ER, but the sensitivity of the Ca 2ϩ release mechanism to IP3 is much lower in the ER-rich region than in the DiOC6(3), we were unable to detect any fluorescence from our isolated ZG preparation (Figure 2 
